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PHOTOMASK, METHOD FOR
MANUFACTURING THE SAME, AND
METHOD FOR MEASURING OPTICAL
CHARACTERISTICS OF WAFER EXPOSURE
SYSTEM USING THE PHOTOMASK
DURING OPERATION

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates to manufacture of a semi-
conductor device, and more particularly, to a photomask
used 1n a photolithography process for manufacturing a
semiconductor device, a method for manufacturing the same
and a method for measuring optical characteristics of a
waler exposure system, such as focus, lens aberration, etc.,
using the photomask during the operation.

2. Description of the Related Art

Recently, as a critical dimension (CD) 1n a device during
manufacture of a semiconductor device becomes strict,
patterns to be exposed are greatly intfluenced by distributions
of lens focus and aberrations. Accordingly, understanding
and controlling the distributions of the lens focus and
aberrations during operation of the exposure system 1is
recognized as being very important.

Until now, the methods for measuring or detecting a
degree of focus of the exposure system have concentrated on
measuring a CD of a real pattern on a real wafer according
to the defocus of the exposure system using a scanning
clectron microscope, or measuring shifts of the patterns
according to the defocus using overlay measuring equip-
ment. However, it 1s known to be very diflicult to precisely
measure focus of the exposure system with the method for
measuring a CD of a real pattern using a scanmng electron
microscope. That 1s, it 1s possible to measure a CD of a real
pattern using a scanning electron microscope, but 1t 1s
difficult to determine 11 the CD measured by this method
represents the exact degree of a focus of the exposure
system.

In addition, 1t 1s known that the method for measuring an
overlay can measure a degree of focus of the exposure
system relatively precisely, but presents difliculties 1n manu-
facturing a photomask for patterns observed with the overlay
measurement equipment. Patterns for measuring an overlay
are manufactured much larger than the patterns for the real
devices. Accordingly, 1n the case of manufacturing a pho-
tomask corresponding to the patterns for measuring an
overlay, a considerably large pattern should be manufactured
on the photomask. It 1s known that the adhesiveness between
a quartz blank and photoresist for a photomask i1s poor.
Therefore, since a photoresist pattern should cover a large
region on the quartz blank to manufacture a photomask
including a large pattern, it occurs quite often that photore-
sist patterns are lifted when the photoresist patterns are
exposed or developed.

Therelore, there 1s a need for a method for measuring or
detecting optical characteristics such as focus or lens aber-
rations of the exposure system during manufacture of a
semiconductor device, and a photomask used 1n the method.

SUMMARY OF THE INVENTION

It 1s an object of the present imvention to provide a
photomask used 1n measuring or detecting optical charac-
teristics such as focus or lens aberrations of an exposure
system more precisely during manufacture of a semicon-
ductor device, and a method for manufacturing the same.
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2

It 1s another object of the present invention to provide a
method for measuring or detecting optical characteristics,
such as focus or lens aberrations of the exposure system,
more precisely during manufacture of a semiconductor
device, using the photomask.

A photomask 1n accordance with the invention includes a
substrate and a measuring pattern. The measuring pattern
includes a light opaque region pattern formed on the sub-
strate and a plurality of light transmitting region patterns that
are formed 1n regions divided by the light opaque region
pattern and provoke phase shifts to provide phase differ-
ences to light transmitted through light transmaitting regions.

A plurality of the measuring patterns may be disposed on
the substrate. The light opaque region patterns may be made
of chrome layers. The phase difference may be 90°.

Alternatively, the photomask may include a substrate and
a measuring pattern including a light opaque region pattern
in a cross-shape formed on the substrate, and four light
transmitting region patterns that are formed in four quad-
rants, respectively, divided by the light opaque region pat-
tern and provoke phase shiits to provide phase diflerences to
light transmitted through light transmitting regions.

Here, one of the light transmitting region patterns may be
composed of a surface of one quadrant of the substrate and
the other light transmitting region patterns are made of
grooves with different depths on the other quadrants of the
substrate.

In accordance with another aspect of the present imnven-
tion, a method for manufacturing a photomask includes
forming a light opaque region pattern on a substrate and
forming a measuring pattern that comprises a light opaque
region pattern and light transmitting region patterns, by
forming a plurality of light transmitting region patterns that
are formed 1n the regions divided by the light opaque region
pattern and provoke phase shifts to provide the phase
differences to the light transmitted through the regions.

Alternatively, the method for manufacturing a photomask
includes forming a cross-shaped light opaque region pattern
on the substrate and forming a measuring pattern that
comprises four light transmitting region patterns formed 1n
four quadrants divided by the light opaque region pattern
and provoke phase shifts to provide phase differences to the
light transmitted through the regions.

Forming the light transmitting region patterns can include
setting one of the four quadrants as a light transmitting
region pattern and sequentially etching portions of the other
quadrants of the substrate to different thicknesses to sequen-
tially form other light transmitting region patterns with
grooves having different depths.

In accordance with another aspect of the present mven-
tion, there 1s provided a method for measuring focus of a
waler exposure system during a manufacture of a semicon-
ductor device, using a photomask including a measuring
pattern that includes a plurality of light transmitting region
patterns divided by a light opaque region pattern on a
substrate and provoke phase shiits to provide phase ditler-
ences to light transmitting the region patterns. The method
includes performing a photolithography process to transier
the patterns based on the measuring patterns on the wafer;
measuring degrees of shiits of the transferred patterns on the
waler; and measuring focus of an exposure system within
the degrees of the shifts of the transferred patterns.

Preferably, the light opaque region pattern formed 1n a
cross shape, dividing the four quadrants of the light trans-
mitting region patterns, and the degrees of shiits of the
transierred pattern are measured from a degree of relative
shift of a certain transferred pattern to the other light
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transmitting region patterns of the quadrant regions. Pref-
erably, one of the light transmitting region patterns 1s made
of one of the four quadrants of the substrate, and the other
light transmitting region patterns are made of grooves with
different depths on the other quadrants of the substrate.
Preferably, the degree of shift of the transierred patterns 1s
measured from the transferred patterns, based on the light
transmitting region patterns of the quadrant regions in the
up/down, left/right or one of the directions during manufac-
ture.

Preferably, the method includes disposing a plurality of
the measuring patterns on the substrate of the photomask,
measuring the degrees of the shifts of the transferred pat-
terns based on the disposed measuring patterns, and obtain-
ing a focus map for all regions on the water corresponding
to the photomask.

Preferably, the method further includes transferring the
patterns with variation of focus of the exposure system and
measuring several times the degree of shifts of the trans-
ferred patterns and obtaining an optimum focus of the
exposure system.

Preferably, measuring the degree of shifts of the trans-
terred patterns 1s performed by observing the transferred
patterns with a scanning electron microscope.

In accordance with another aspect of the present inven-
tion, there 1s provided a method for measuring aberration of
a waler exposure system, during a manufacture of a semi-
conductor device. The method uses a photomask including
measuring patterns that include a plurality of light transmait-
ting region patterns divided by a light opaque region pattern
on a substrate and provoke phase shifts to provide phase
differences to lights transmitted through the region patterns.
The method includes performing a photolithography process
on a waler to transfer the patterns based on the measuring
patterns on the wafer; measuring a degree of shift of the
transierred patterns on the water; and measuring a focus of
an exposure system from the degree of the shift of the
transierred patterns.

Preferably, the light opaque region 1s formed 1n a cross
shape dividing the four quadrants of the patterns for light
transmitting regions and the degree of shiit of the transterred
patterns are measured from the degree of shift of the
transierred patterns based on the light transmitting region
patterns of the quadrant regions. Preferably, one of the light
transmitting region patterns 1s made ol one of the four
quadrants of the substrate, and the other light transmitting
region patterns are made of grooves with different depths on
the other quadrants of the substrate. Preferably, the degree of
shift of the transierred patterns 1s measured from the trans-
terred patterns, based on the light transmitting region pat-
terns of the quadrant regions in the up/down, left/right or one
of the directions during manufacture.

Preferably, the method further includes disposing a plu-
rality of measuring patterns on the substrate of the photo-
mask, measuring the degree of the shiit of the transterred
patterns based on the disposed measuring patterns and
obtaining an aberration map for all regions on the wafer
corresponding to the photomask.

Preferably, the method further includes transferring the
patterns with varnation of aberration of the exposure system
and measuring several times the degree of shifts of the
transierred patterns and obtaining an optimum aberration of
the exposure system. Here, the aberration may be an astig-
matism aberration.

Preferably, measuring the degree of shifts of the trans-
terred pattern 1s performed by observing the transferred
pattern with a scanning electron microscope.
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4
BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects, features and advantages
of the invention will be apparent from the more particular
description of a preferred embodiment of the invention, as
illustrated 1n the accompanying drawings in which like
reference characters refer to the same parts throughout the
different views. The drawings are not necessarily to scale,
emphasis instead being placed upon illustrating the prin-
ciples of the invention.

FIG. 1 1s a schematic view of a photomask according to
an embodiment of the present invention.

FIG. 2 1s a plane view of a unit pattern adapted in a
photomask according to the embodiment of the present
invention.

FIG. 3 1s a cross-sectional view along the cutting plane
line 3-3' 1n FIG. 2 to show a unit pattern adapted in a
photomask according to the embodiment of the present
invention.

FIG. 4 1s a cross-sectional view along the cutting plane
line 4-4' 1n FIG. 2 to show a unit pattern adapted in a
photomask according to the embodiment of the present
invention.

FIG. 5 1s a cross-sectional view along the cutting plane
line 5-5' 1n FIG. 2 to show a unit pattern adapted 1 a
photomask according to the embodiment of the present
ivention.

FIGS. 6 through 8 are schematic views showing the shifts
of the unit pattern adapted in the photomask, according to
the defocus variation to show a method for measuring the
focus of the watfer exposure system of the embodiment of the
present 1nvention.

FIG. 9 15 a schematic graph showing degrees of the shiits
of the pattern according to the defocus variation;.

FIGS. 10 through 13 are schematic views showing the
shifts of the unit pattern adapted 1n a photomask according
to the vanations of lens aberrations of the wafter exposure
system to show a method for measuring the degree of lens
aberrations of the water exposure system according to the
embodiment of the present invention.

DETAILED DESCRIPTION OF TH.
INVENTION

(Ll

The present invention now will be described more fully
with reference to the accompanying drawings, in which
preferred embodiments of the invention are shown. In the
drawings, the thickness of layers and regions are exagger-
ated for clarity. It will also be understood that when a layer
1s referred to as being “on” another layer or a substrate, 1t can
be directly on the other layer or the substrate, or intervening,
layers may also be present.

The method for measuring optical characteristics of an
exposure system, such as focus and lens aberration, adapts
a phase shift-type photomask, and measures the focus and
the lens aberration by measuring the shifts of the patterns
transierred on the water by the phase shift-type photomask
with a scanning electron microscope. More precisely, an
embodiment of the present mnvention provides a photomask
that includes patterns for measuring shiits of the patterns
transierred by the exposure system.

Referring to FIG. 1, a first embodiment of the present
invention includes a plurality of measuring unit patterns
100. It 1s possible to dispose the plurality of measuring unit
patterns 100 within a region of the photomask. The mea-
suring unit patterns 100 are formed on a photomask sub-
strate 200 by photo exposures and selective etch.
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FIG. 2 1s a plane view of a unit pattern adapted 1n a
photomask according to an embodiment of the present
invention. FIG. 3 1s a cross-sectional view along the cutting
plane line 3-3' in FIG. 2 to show a unit pattern adapted in
a photomask according to an embodiment of the present
invention. FIG. 4 1s a cross-sectional view along the cutting
plane line 4-4' 1n FIG. 2 to show a unit pattern adapted in
a photomask according to an embodiment of the present
invention. FIG. 5 1s a cross-sectional view along the cutting
plane line 5-5' 1n FIG. 2 to show a unit pattern adapted in
a photomask according to an embodiment of the present
invention.

Referring to FIG. 2, the measuring unit pattern 100
includes a light opaque region pattern 110 and light trans-
mitting region patterns 120, 140, 160, and 180, divided by
the light opaque region pattern 110.

In one embodiment, the light opaque region pattern 110 1s
made of a chrome pattern that 1s deposited and patterned on
a photomask substrate 200, for example, a transparent quartz
substrate as shown in FIGS. 3 through 5. The light opaque
region pattern 110 1s formed 1n a cross-shape to be used as
a boundary dividing a plurality of light transmitting region
patterns 120, 140, 160, and 180 consisting of four divided
region patterns.

The light transmitting region patterns 120, 140, 160, and
180, divided by the light opaque region pattern 110, are each
designed for transmitting light to have different phases. That
1s, the four light transmitting region patterns 120, 140, 160,
and 180 are classified clockwise as the first, second, third
and fourth quadrant, respectively. A transmitting light phase
shifts by 0° 1n the first light transmitting region pattern 120
of the first quadrant, 90° 1n the second light transmitting
region pattern 140 of the second quadrant, 180° 1n the third
light transmitting region pattern 160 of the third quadrant,
and 270° 1n the fourth light transmitting region pattern 180
of the fourth quadrant. It i1s preferable that each light
transmitting region pattern 120, 140, 160, and 180 have a
phase difference of 90° to each previous pattern.

The light transmitting region patterns 120, 140, 160, and
180, are prepared as phase shift regions to give phase
differences to the light transmitted by each region. For
example, as shown in FIGS. 2 through 5, the light transmiut-
ting region patterns 120, 140, 160, and 180 are formed on the
substrate, by forming the light opaque region pattern 110
into a chrome pattern with the photolithography process and
then opening the regions and etching them sequentially. At
this time, the first light transmitting region pattern 120 1s
formed naturally by not etching the first quadrant.

It 1s preferable that an etching thickness of the substrate
100 1n the second quadrant be set so that the light transmaitted
through the second light transmitting region pattern 140 has
a phase diflerence of 90° from the light transmitted through
the first light transmitting region pattern 120 of the first
quadrant.

Next, as shown 1n FIG. 4, after opening the third quadrant
and etching the substrate 200 into the third quadrant of a
different thickness from the etching thickness in the second
quadrant and then the third I1 ght transmitting region pattern
160 1s formed. At this time, 1t 1s preferable that an etching
thickness of the substrate 100 1n the third quadrant be set so
that the light transmitted through the third light transmaitting,
region pattern 160 have a phase diflerence of 90° from the
light transmitted through the second light transmitting
region pattern 140 of the second quadrant. In addition, an
ctching thickness of the substrate 100 1n the third quadrant
1s set so that the light transmitted through the third light
transmitting region pattern 160 has a phase difference of

10

15

20

25

30

35

40

45

50

55

60

65

6

180° from the light transmitted through the first light trans-
mitting region pattern 120 of the first quadrant.

Next, as shown 1 FIG. 5, after opening the fourth
quadrant, etching the substrate 200 into the fourth quadrant
of a different thickness from the etching thickness in the
third quadrant and then the fourth light transmitting region
pattern 180 1s formed. At this time, 1t 1s preferable that an
ctching thickness of the substrate 100 1n the fourth quadrant
1s set so that the light transmitted through the fourth light
transmitting region pattern 180 has a phase difference of 90°
from the light transmitted through the third light transmitting
region pattern 160 of the third quadrant. In addition, an
ctching thickness of the substrate 100 in the fourth quadrant
1s set so that the light transmitted through the fourth light
transmitting region pattern 180 has a phase difference of
2'70° from the light transmitted through the first light trans-
mitting region pattern 120 of the first quadrant.

The measuring unit pattern 100 1s designed to observe
more precisely the shiits of the patterns on the wafer more
precisely by optical characteristics, such as a degree of focus
or lens aberration, by inducing phase differences to the lights
transmitted through the light transmitting region patterns
120, 140, 160, and 180, respectively. FIG. 2 shows an
example of forming the light opaque region pattern 110 1n a
cross-shape to divide the four quadrants, and the light
opaque region pattern 110 1s shifted to separate multiple
quadrants, 1.¢., quadruple quadrants, if required. That 1s, the
light opaque region pattern 110 1s shifted to divide eight
quadrants.

The measuring unit pattern 100 1s disposed so that a
plurality of photomasks are distributed as shown in FIG. 1.
It 1s possible to measure a single measuring unit pattern 110
in case of simply measuring a degree of focus of the
exposure system. However, in the case of obtaining an entire
degree of a focus by obtaining a focus map throughout the
entire regions ol the waler, or obtaining an entire degree of
aberrations by obtaiming an aberration map throughout the
entire region exposed on the wafer, 1t 1s possible to dispose
a plurality of measuring unit patterns 100 on the entire
regions of the photomask. At this time, 1t 1s possible to
obtain both the degree of focus or lens aberration of the
exposure system 1n each regions corresponding to the mea-
suring unit patterns 100. By collecting the above degrees of
the focus or lens aberrations, it 1s possible to obtain a focus
map and an aberration map. It 1s possible to obtain the
optimum optical characteristics, such as the degree of focus
or lens aberration by obtaining the focus map or the aber-
ration map and to feed back them in the waler exposure
Process.

As described above, a method for measuring the optical
characteristics, such as the degree of focus or lens aberra-
tion, 1s illustrated by using a photomask including the
measuring unit pattern 100.

At first, exposures and developments are performed on
the photoresist layer on the water according to changes of
the focus of the photo exposure equipment by using the
photomask as shown in the embodiments of the present
invention. At this time, what 1s really observed with a
scanning electron microscope 1s a developed water, namely,
a developed photoresist layer. What 1s to be observed with
the scanning electron microscope 1s a pattern formed by
transierring the measuring unit pattern 100. The patterns
formed on the water by corresponding to the measuring unit
pattern 100 observed by the scanning electron microscope
are as shown 1n FIGS. 6 through 8.

FIG. 6 shows a pattern observed 1n the case that defocus
1s set as 0.0 um, FIG. 7 shows a pattern observed 1n the case
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that defocus 1s set as —0.3 um and FIG. 8 shows a pattern
observed 1n the case that a defocus 1s set as —0.6 um. The
numeral “300” in FIGS. 6 through 8 denotes outlines of the
real patterns observed in the real patterns 300. The real
patterns 300 observed on the waler show shifts in the
patterns according to the focus set 1n the exposure system.

The real pattern 300 1n FIG. 6 1s a pattern transierred by
the light opaque region pattern (110 1n FIG. 2) and the light
transmitting region patterns (120, 140, 160 and 180 1n FIG.
2). At this time, since the light transmitting region patterns
120,140, 160, and 180 give a phase diflerence to the
transmitting lights, the patterns 300 on which the light
transmitting region patterns 120,140,160, and 180 are trans-
terred are shifted according to the degrees of the focus of the
exposure system.

As shown 1n FIGS. 6 through 8, it 1s possible to number
the shifts of the real pattern 300 of the exposure system by
focus by measuring the degrees of shiits of the real pattern
300. It 1s possible to find an optimum focus where a
mimmum pattern shift occurs. At this time, degrees of the
shifts of the pattern 300 are measured by the degree of shift
of a vertical’horizontal line of the outlines of the patterns 1n
the up/down or the left/right directions.

Considering only the patterns 300 corresponding to the
first light transmitting region pattern 120 as shown 1n FIGS.
6 through 8, the moves of the patterns 300 are minimized 1n
FIG. 7, comparing to FIGS. 6 and 7. In addition, the pattern
300 in FIG. 6 moves in the right direction, comparing to
FIG. 7 and the pattern 1n FIG. 8 moves 1n the left direction,
comparing to FIG. 7.

Comparing the shifts of the patterns according to the
defocus of the exposure system, an optimum focus, where a
mimmum pattern shift occurs, can be obtained. That 1s, the
defocus value 1n FIG. 7 15 considered as the optimum focus
value of the exposure equipment.

FIG. 9 1s a graph showing movements ol the patterns
according to the defocus of the exposure system. According
to FIG. 9, an optimum focus value of -0.3 um 1s obtained.

Referring to FIGS. 6 through 9, the method for searching
for the optimum focus value of the exposure system 1is
described, considering the movements of the patterns
according to the defocus for a measuring unit pattern 100. In
addition, 1f the above measure 1s performed at each position
ol a multiple measuring unit patterns 100, a focus map of the
exposure system at each position of the measuring unit
patterns 100 1s also obtained. Thus, the optimum focus value
throughout the entire exposure regions 1s obtained by the
focus map.

Using this photomask including the measuring unit pat-
tern 100, 1t 1s possible to observe an aberration, specifically,
an astigmatism aberration from the degree of shifts of the
patterns formed on the water. Even though the focus of the
exposure system 1s set as the optimum focus value, a pattern
1s sometimes shifted into a certain direction. This phenom-
enon depends on the astigmatism aberration. In a case where
the exposure system has an astigmatism aberration, even 1f
the exposure system has optimum focus 1n one direction, for
example, a horizontal direction, and thus has no pattern shiit
in the direction, a pattern shiit may occur 1n another direc-
tion, for example, 1n a vertical direction because the expo-
sure system dose not have optimum focus in the vertical
direction. A degree of shift of the pattern depends on the
astigmatism aberration of the exposure system.

The astigmatism aberration of the exposure system can be
measured using a photomask including the measuring unit
pattern 100 1 an embodiment of the present invention. At
first, an exposure and a development are performed on the
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photoresist layer on the wafer according to changes of the
focus of the photo exposure equipment, by using the pho-
tomask as shown in the embodiments of the present inven-
tion. At this time, what 1s really observed with a scanning
clectron microscope 1s a developed waler, namely, a devel-
oped photoresist layer. What 1s to be observed with the
scanning electron microscope 1s a pattern formed by trans-
ferring the measuring unit pattern 100. The patterns formed
on the water by corresponding to the measuring unit patterns

100 observed by the scanning electron microscope are
shown 1 FIGS. 10 through 13.

FIG. 10 1s a pattern observed when the exposure system
has an astigmatism aberration of 0.05 A, FIG. 11 1s a pattern
observed when the exposure system has an astigmatism
aberration of 0.1 A, FIG. 12 1s a pattern observed when the
exposure system has an astigmatism aberration o1 0.15 A and
FIG. 13 1s a pattern observed when the exposure system has
an astigmatism aberration of 0.2 A. The lines denoted as the
numeral “400” i FIGS. 10 through 13 are outlines of the
real patterns observed on the real water. The real pattern 400

observed on the water shows changes of the pattern accord-

ing to the astigmatism aberration in the exposure system 1n
FIGS. 10 through 13.

In FIG. 10, the pattern 400 1s a pattern transierred by the
light opaque region pattern 110 in FIG. 2 and the light
transmitting region patterns 120, 140, 160, and 180 in FIG.
2 of the measuring unit pattern 100. At this time, since the
light transmitting region patterns 120, 140, 160, and 180
have a function to give phase differences to the transmitting
lights, the pattern 400 transferred by the light transmitting
region patterns 120, 140, 160, and 180 are remarkably
shifted according to the astigmatism aberration of the expo-
sure system.

As shown i FIGS. 10 through 13, the pattern 400 1s rarely
shifted in the vertical direction. Accordingly, the exposure
system has an optimum focus 1n the vertical direction.
However, as shown in FIGS. 10 through 13, the pattern 400
1s shifted in the horizontal direction according to the degree
of the astigmatism aberration. Therefore, an optimum astig-
matism aberration, where a mimimum shift occurs, 1s
obtained by numerically expressing or comparing the shifts
of the patterns according to the variation of the astigmatism
aberration of the exposure system.

Referring to FIGS. 10 through 13, the method for search-

ing for the optimum astigmatism aberration value of the
exposure system 1s described considering the movements of
the patterns according to the variation of the astigmatism
aberration for each unit pattern 100. In addition, 1f the above
mentioned measurement 1s performed at each position of a
multiple measuring unit patterns 100, an astigmatism aber-
ration map of the exposure system at each position of the
measuring unit patterns 100 1s also obtained. Thus, the
optimum astigmatism aberration value throughout the entire
exposure regions 1s obtained by the astigmatism aberration
map.

As described above, using this photomask including the
measuring unit pattern 100, it 1s possible to observe focus
values and aberration values, specifically, astigmatism aber-
ration values from the degrees of shilfts of the patterns
formed on the water. Therefore, 1t 15 possible to control the
optimum focus and aberration of the exposure system using
the measured focus or aberration values and analyze the
focus or the aberration of the exposure system during
manufacture of a semiconductor device. Thus, this could
result 1n quality improvement of the semiconductor device.
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It 1s noted that the present invention 1s not limited to the
preferred embodiments described above, and 1t 1s apparent
that vaniations and modifications can be made by those
skilled 1n the art.

What 1s claimed 1s:

1. A method for measuring focus of a wafer exposure
system during manufacture of a semiconductor device, com-
prising;

providing a photomask including a measuring pattern that

includes a plurality of light transmitting region patterns
divided by a light opaque region pattern on a substrate,
said measuring pattern introducing phase shiits to pro-
vide phase differences in light transmitted through the
light transmitting region patterns, each light transmit-
ting region pattern having a single depth being different
than the depth of each of the other light transmitting
region patterns;

performing a photolithography process to transfer the

light transmitting region patterns and the light opaque
region pattern based on the measuring patterns on the
walfer:;

measuring degrees of shifts of the transferred patterns on

the water; and

measuring a focus of an exposure system within the

degrees of the shifts of the transterred patterns.

2. The method of claim 1, wherein the phase diflerence 1s
90°.

3. The method of claim 1, the method further comprising:

transferring the patterns with variation of focus of the

exposure system and measuring several times the
degree of shifts of the transferred patterns; and
obtaining an optimum focus of the exposure system.

4. The method of claim 1, wherein measuring the degree
of shifts of the transierred patterns 1s performed by observ-
ing the transterred patterns with a scanning electron micro-
scope.

5. A method for measuring aberration of a waler exposure
system during manufacture of a semiconductor device, the
method comprising:

providing a photomask including measuring patterns that

include aplurality of light transmitting region patterns
divided by a light opaque region pattern on a substrate,
said measuring pattern introducing phase shifts to pro-
vide phase differences 1n light transmitted through the
light transmitting region patterns, each light transmit-
ting region pattern having a single depth being different
than the depth of each of the other light transmitting
region patterns;

performing a photolithography process on a waler to

transier the light transmitting region patterns and the
light opaque region pattern based on the measuring
patterns on the waler;

measuring a degree of shift of the transferred patterns on

the water; and

measuring a focus of an exposure system from the degree

of the shift of the transferred patterns.

6. The method of claim S, wherein the phase difference 1s
90°.
7. The method of claim 5, further comprising;

transterring the patterns with variation of aberration of the
exposure system and measuring several times the
degree of shifts of the transferred patterns; and

obtaining an optimum aberration of the exposure system.

8. The method of claim 7, wherein the aberration 1s an
astigmatism aberration.
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9. The method of claim 5, wherein measuring the degree
of shifts of the transferred pattern 1s performed by observing
the transierred pattern with a scanning electron microscope.

10. A method for measuring focus of a waler exposure
system during manufacture of a semiconductor device, com-
prising;:

providing a photomask including a measuring pattern that

includes a plurality of light transmitting region patterns
divided by a light opaque region pattern on a substrate,
said measuring pattern introducing phase shiits to pro-
vide phase differences in light transmitted through the
light transmitting region patterns, each light transmuit-
ting region pattern having a single depth being ditfierent
than the depth of each of the other light transmitting
region patterns;

performing a photolithography process to transfer the

light transmitting region patterns and the light opaque
region pattern based on the measuring patterns on the
waler;

measuring degrees of shitts of the transterred patterns on

the water; and

measuring a focus of an exposure system within the

degrees of the shifts of the transferred patterns;

wherein the light opaque region pattern 1s formed 1n a

cross shape, dividing the four quadrants of the light
transmitting region patterns, and the degrees of shifts of
the transferred pattern are measured from a degree of
relative shift of a certain transierred pattern to the other
light transmitting region patterns of the quadrant
regions.

11. The method of claim 10, wherein one of the light
transmitting region patterns 1s made of one of the four
quadrants of the substrate, and the other light transmitting
region patterns are made of grooves with different depths on
the other quadrants of the substrate.

12. The method of claim 10, wherein the degree of shift
of the transierred patterns 1s measured from the transferred
patterns, based on the light transmitting region patterns of
the quadrant regions in the up/down, left/right or one of the
directions during manufacture.

13. A method for measuring focus of a waler exposure
system during manufacture of a semiconductor device, com-
prising:

providing a photomask including a measuring pattern that

includes a plurality of light transmitting region patterns
divided by a light opaque region pattern on a substrate,
said measuring pattern introducing phase shifts to pro-
vide phase differences 1n light transmitted through the
light transmitting region patterns, each light transmuit-
ting region pattern having a single depth being different
than the depth of each of the other light transmitting
region patterns;

performing a photolithography process to transfer the

light transmitting region patterns and the light opaque
region pattern based on the measuring patterns on the
walfer;

measuring degrees of shifts of the transierred patterns on
the wafer;

measuring a focus of an exposure system within the
degrees of the shifts of the transferred patterns; and

disposing a plurality of the measuring patterns on the
substrate of the photomask, measuring the degrees of
the shifts of the transierred patterns based on the
disposed measuring patterns, and obtaining a focus
map for all regions on the water corresponding to the
photomask.
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14. A method for measuring aberration of a waler expo-
sure system during manufacture of a semiconductor device,
the method comprising:

providing a photomask including measuring patterns that

include a plurality of light transmitting region patterns 5
divided by a light opaque region pattern on a substrate,
said measuring pattern introducing phase shifts to pro-
vide phase differences 1n light transmitted through the
light transmitting region patterns, each light transmuit-
ting region pattern having a single depth being diflerent 10
than the depth of each of the other light transmitting
region patterns;

performing a photolithography process on a water to

transier the light transmitting region patterns and the
light opaque region pattern based on the measuring 15
patterns on the wafer;

measuring a degree of shift of the transferred patterns on

the water; and

measuring a focus of an exposure system from the degree

of the shift of the transferred patterns; 20
wherein the light opaque region i1s formed 1n a cross shape
dividing the four quadrants of the patterns for light
transmitting regions and the degree of shift of the
transierred patterns are measured from the degree of
shift of the transierred patterns based on the light 25
transmitting region patterns of the quadrant regions.

15. The method of claim 14, wherein one of the light
transmitting region patterns 1s made of one of the four
quadrants of the substrate, and

the other light transmitting region patterns are made of 30

grooves with different depths on the other quadrants of
the substrate.

16. The method of claim 15, wherein the degree of shiit
of the transierred patterns are measured from the transferred

12

patterns, based on the light transmitting region patterns of
the quadrant regions in the up/down, left/right or one of the
directions during manufacture.

17. A method for measuring aberration of a water expo-
sure system during manufacture of a semiconductor device,
the method comprising:

providing a photomask including measuring patterns that
include a plurality of light transmitting region patterns
divided by a light opaque region pattern on a substrate,
said measuring pattern introducing phase shifts to pro-
vide phase diflerences 1n light transmitted through the
light transmitting region patterns, each light transmit-
ting region pattern having a single depth being difierent
than the depth of each of the other light transmitting
region patterns;

performing a photolithography process on a water to
transier the light transmitting region patterns and the
light opaque region pattern based on the measuring
patterns on the wafer;

measuring a degree of shift of the transierred patterns on
the wafer;

measuring a focus of an exposure system from the degree
of the shift of the transferred patterns; and

disposing a plurality of measuring patterns on the sub-
strate of the photomask, measuring the degree of the
shift of the transferred patterns based on the disposed
measuring patterns and obtaining an aberration map for

all regions on the walfer corresponding to the photo-
mask.
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